pertinent to comment here that animals do not smoke. Systemic thromboemboli most commonly originate from an infective endocarditis or from left atrial thrombi. Such emboli, lodged at the distal end of the aorta, are not uncommon in cats.
Hypertensive and more localized arteriopathies have been described. Focal hyalinosis of the media of the smaller muscular arteries is not uncommon in older animals; amyloidosis and lipoidosis of the media have also been observed. The latter constitutes about the only Iipidcontaining vascular lesion in dogs. Congenital vascular anomalies occur, and dissecting aneurysms resulting from defective formation of vascular elastic tissue, due to a deficiency of copper in the diet, have been described in pigs and other species. Rupture of the aorta and internal carotid arteries in horses may be associated with medionecrosis, and aortic medial mucoid degeneration, possibly of nutritional origin and associated with aortic rupture, has been observed in ostriches (Mitchinson & Keymer 1977) .
Prominent focal fibromuscular or fibrocalcified intimal thickenings, devoid of lipid, may be seen in the aorta and other large arteries; the aetiology of these lesions is often undetermined. The myointimal thickenings in the coronary vessels of salmonids would appear to be Introduction to lasers 1 A laser differs from a conventional light source in three major respects. First, the laser emits radiation in a highly unidirectional beam and, secondly, the radiation is extremely pure in colour, i.e. the wavelength spread is very small. These two properties enable the output of a laser to be brought to a very small focus without any limitation imposed by chromatic aberration in the focusing lens system. The third characteristic of laser radiation is that the intensity can greatly exceed that of a conventional source, particularly in the case of pulsed lasers.
Research into lasing materials and the techriiques of exciting them has extended the range of available wavelengths from the microwave region (masers), down through the visible spectrum to I Based on paper read to Section of Ophthalmology, 10 March 1983 o141-0768/ 83/100813~3/$O 1.00/0 hormonally-controlled (House et al. 1979 , Schmidt & House 1979 . Of greater clinical significance are the concentric intimal thickenings that may markedly narrow the lumen of small muscular arteries, such as the intramural branches of the coronary vessels, and result in ischaemia or even infarction of dependent tissue. These small-artery lesions may be an important cause of morbidity and mortality in older animals and merit further study. the X-ray region. However, for the purposes of noninvasive eye surgery, the laser wavelength must lie within the interval 400 to 1200 nm in order to penetrate the cornea relatively freely. There is considerable risk of corneal damage through laser beam absorption if longer or shorter wavelengths are used. The lasers most readily available in this wavelength interval are helium-neon, argon, krypton, xenon, ruby, neodymium in glass, neodymium in yttrium aluminium garnet (YAG) and the dye laser.
The first four lasers listed are excited by the passage of DC current through the gaseous medium and their lasing output is continuous in time. It is these lasers that are widely used for display purposes and in discotheques. However, certain forms of the YAG and dye lasers can also give a continuous output, the latter having the useful facility that it can be tuned in wavelength. If an absorbing target is placed at the focus of such a continuous laser beam, then those electrons in the atoms of the absorber that have resonance or near resonance with the laser wavelength, absorb some of the beam energy. This absorbed energy appears as heat and proceeds to flow by thermal conduction to the surrounding target material. Consequently, the elevation of target temperature is greatest in the area illuminated by the laser and the temperature rise is a function of time, laser intensity, laser wavelength and the physical properties of the absorber.
The flow of heat away from the illuminated area can be of benefit in some surgical applications. For example, a continuous laser beam can be used as a knife to cut tissue, and the heat flow to adjacent blood vessels will cause them to seal through coagulation. Also, in the Wise & Widder (1979) technique for treatment of open-angle glaucoma by application of argon laser lesions around the trabeculum, it is suspected that the overall trabecular heating causes a general shrinkage, leading to improved drainage through the meshwork. However, in the treatment of closed-angle glaucoma by laser iridectomy, the flow of heat away from the illuminated area does inhibit perforation by direct application of a continuous laser to the iris. Wheeler (1977) has shown that an unacceptable amount of heat is conducted from the back of the laser-heated iris, across the posterior chamber, to the lens. The lens is very rich in protein and can be permanently damaged through protein denaturation by a relatively small elevation in temperature.
In the case of the ruby, neodymium and dye lasers, the lasing medium is either a solid or a liquid dielectric and therefore cannot be excited by the passage of DC current. Excitation is achieved by the absorption of radiation, usually provided by high energy flash-lamps. These lasers are necessarily pulsed in operation and the lasing intensity during the pulse is many orders of magnitude greater than that of a continuouslyoperating laser. The pattern of heating produced in an absorbing target placed in the focused beam of a pulsed laser changes dramatically as the timescale of the pulse is reduced. For a prescribed laser energy, the temperature rise achieved within the illuminated area increases as the pulse duration decreases, since there is less time for heat to be conducted away from the target site during the pulse lifetime. For sufficiently short pulse durations, there is virtually no loss of absorbed energy from the illuminated area during the pulse and the heating is therefore very efficient, ideally being adiabatic. If, in addition, the laser intensity is sufficiently great to raise the temperature of the illuminated area to the point of vaporization, then a microexplosion occurs, leading to the rapid expulsion of the vaporized material from the parent absorber. At the termination of the laser pulse a hole will be formed in the absorber, of cross-section roughly equal to that of the laser beam and of a depth that is dependent on the laser energy. In particular, the material surrounding the hole will have experienced very little elevation in temperature.
For a focused beam diameter the order of 100 u, and with the human iris as target, the timescale for adiabatic heating is the order of a microsecond. This is considerably shorter than the milliseconds timescale of the ruby and neodymium lasers when operated in their passive (non-Q-switched) mode; however, it is of the same order as the timescale of the flash-lamp excited dye laser. This laser, when operating at a wavelength of 600 nm using the dye rhodamine 60, has proved very successful in producing iridectomies in a single pulse (Bass et al. 1979) . About 60 mJ of laser energy are required and heat conduction from the iris target is insufficient to cause lens damage. However, care must be taken to ensure that there are no iris blood vessels in the beam path since coagulation does not occur in this disruptive process. Laser pulses very much shorter than a microsecond can be obtained from the flash-lamp excited ruby, neodymium and dye lasers when they are operated in either their Q-switched regime or their mode-locked regime. The timescales in these regimes are respectively nanoseconds and picoseconds. An absorbing target placed in the focused beam of such a laser is again heated adiabatically, but the shorter timescale implies that the microexplosion is more vigorous. Consequently the material surrounding the illuminated area may suffer mechanical damage in the form of ruptures and tears. Furthermore, shock-waves are propagated throughout the absorber and may damage structurally-sensitive material located at some distance from the region of laser impact. If the laser energy is sufficiently great then an entirely different physical phenomenon occurs, namely optical or spark breakdown of the target material. Reduction in pulse time for a prescribed laser energy implies an increase in laser intensity. Laser radiation is an electromagnetic phenomenon and the amplitude of the associated oscillatory electric field increases as. the laser intensity increases. A point is eventually reached where the electric field of the lightwave is sufficientlystrong to pull the electrons of the target material completely away from their parent atoms. This is not a resonance phenomenon and therefore also occurs in target material that is completely transparent to the laser radiation. The plasma of free electrons and ions so formed readily absorbs the laser radiation, leading to a microexplosion within the irradiated target area. Frankhauser et al. (1981) have used the Qswitched YAG laser in this regime for cutting and dispersing transparent membranes and strands and also for puncturing the lens capsule.
Thus there are three distinctly different types of damage patterns that can be produced by laser radiation, largely determined by the timescale of the laser employed. First, absorbing material can be thermally damaged by exposure to laser radiation of a suitable wavelength on a timescale of at least milliseconds. Thermal damage is sustained over a region considerably greater than that illuminated bv the laser and the extent increases with the exposure time. Secondly, the illuminated material may be explosively vaporized and expelled from the parent absorber in an exposure of microseconds or less. There is very little thermal damage to the surrounding material although some mechanical damage may be sustained, particularly at the shorter timescales. Finally, completely transparent material may be disrupted in an exposure of nanoseconds or less. The surrounding material suffers negligible thermal damage but mechanical damage due to shock-waves may occur at considerable distances from the target site. C B Wheeler Plasma Physics Group The Blackett Laboratory Imperial College. London
